The cell wall 0 antigen is known to affect mouse virulence of Salmonella. We have shown earlier that S. typhimurium expressing somatic antigen 9,12 is less virulent than its 4,12 sister transductants in mice after intraperitoneal inoculation, suggestinlg that the 4,12-type 0 antigen is connected with high virulence in mice. In this report we show, in accord with this suggestion, that when the naturally occurring 0-9,12 S. enteritidis is made 0-4,12 by transduction, its virulence is increased. The difference between 0-9,12 and 0-4,12 sister transductants is highly significant, with P < 0.001.
The lipopolysaccharide (LPS) of the bacterial cell wall is an important factor in the virulence of Salmonella (5, 7, 10) . We have shown earlier that the quality of the 0 side chains affects virulence of S. typhimurium in mice (4, 11) . In these studies we compared the mouse virulence of isogenic pairs of S. typhimurium derivatives differing in their 0 antigens. The strains were prepared by transduction or in some cases by lysogenic conversion or conjugation. S. typhimurium with its original 0-4,12 specificity was more virulent than its derivative with 0-9,12 specificity, and this was still clearly more virulent than derivatives with 0-6,7 specificity. The most probable basis of the observed differences in virulence was considered to be the altered LPS, but the possibility remained that the lowered virulence was, e.g., due to genetic imbalance in the strains which had received foreign genetic material.
We were also concerned by studies elsewhere (1) in which S. typhimurium hybrids expressing somatic antigen 9 after mating with either S. typhi or S. enteritidis Hfr donors did not differ from their S. typhimurium parent with respect to the number of organisms required to kill mice by intraperitoneal inoculation.
The present study was designed to test the possible effect of genetic imbalance. We thought that this information could be obtained from comparing the mouse virulence of similar 0-4,12 and 0-9,12 derivatives of S. enteritidis, which itself has 0-9,12 specificity. The results show that even in this case 0-4,12 transductants were more virulent than their 0-9,12 sister clones, and therefore the previous conclusion that the difference in virulence was most probably due to the quality of the LPS is strengthened.
MATERIALS AND METHODS
Bacterial strains and genetic methods. The bacterial strains used and their main properties are listed in Table 1 . Phage P22 L4 (9) was received from H. Smith, Department of Human Genetics, University of Michigan, Ann, Arbor, Mich. Bacterial and phage cultivations were performed by standard methods as previously described (8, 11) .
Virulence test. The mean lethal dose (LD50) values were determined from 10-day survival in groups of 10 mice after intraperitoneal injections of 0.5 ml/mouse from a series of 10-fold dilutions of overnight broth cultures (11) . The significances in virulence were calculated from pooled numbers of survivors as described previously (11) . The mice were C57/CBA Fl hybrids in all experiments.
Clearance test. The clearance test (2) was performed by injecting 0.2 ml (about 5 x 107 bacteria) of an exponentially growing broth culture into the central tail vein of the mice. Blood samples (0.05 ml) were taken after 1/2, 1, 2, 3, and 5 min from the retroorbital venous plexus into 5 ml of distilled water. They were plated immediately in suitable dilutions for enumeration of viable bacteria. The clearance rate per minute of bacteria from the blood was calculated from these data. Each strain was tested in three mice.
RESULTS
We wanted to have a pair of as nearly isogenic derivatives as possible of the S. enteritidis strain which would differ only in their 0-antigenic specificity (either 0-4,12 or 0-9,12).
Therefore we wanted to use transduction for the transfer of the corresponding rfb genes, even if this required complex genetic manipulations as shown in Fig. 1 and used to transduce his+ to his-parent strain (SH 5940) of S. enteritidis. Some of the selected his+ transductants were found by agglutination to have the 0-4,12 specificity, whereas most of them were still 0-9,12. The 0-4,12 transductants were inferred to have inherited the group B rfb genes (B-rfb+), whereas the 0-9,12 transductants retained the rfb of the S. enteritidis recipient (D-rfb+).
Three sister transductants of both sorts were then tested for mouse virulence; the LDw values are shown in Table 2 . The 0-4,12 derivatives were in each case more virulent than either the 0-9,12 parent or the 0-9,12 sister transductants. The difference in virulence between the two transductant classes was statistically highly significant (P < 0.001) ( Table 3 ). For comparison, Table 4 includes the results of LD50 determinations of similar 0-4,12 and 0-9,12 sister transductants of the virulent S. typhimurium line IH2 (originally 0-4,12). The derivation of these strains is shown in Fig. 2 . A summary of these results has been reported previously (4) .
The clearance rate of these sister 0-4,12 and 0-9,12 derivatives ofS. typhimurium (4) andS. VOL. 12, 1975 on August 14, 2017 by guest http://iai.asm.org/ Table 2 . the resistance of the bacterial strains to phagocytosis. No statistically significant differences in the clearance rates between the 0-4,12 and 0-9,12 derivatives of either strain were found. They all remained in the blood for the test period as efficiently as do normal smooth, virulent strains. The fast clearance of a rough derivative is also shown in Fig. 3 for comparison. DISCUSSION The data of Tables 3 and 4 demonstrate that when sister transductants of a strain are compared, those with 0-4,12 LPS are more virulent than those with 0-9,12 LPS, irrespective of the parent strain. The differences are highly significant with P < 0.001. This result is obtained irrespective of which type (4,12 or 9,12) is the original parent. This we feel is a strong argument against the possibility that genetic imbalance leads to the inferior virulence of the 0-9,12 strain.
We have also repeated these experiments in SAW mice. All the strains are slightly more virulent in these mice than in the C57/CBA Fl hybrids, but the dose response is not as clearcut, probably due to larger differences between individual mice in the outbred strain. The same difference between 0-4,12 and 0-9,12 sister strains is found in these mice. Extending the observation period over 10 days did not alter the difference as reported earlier (11) .
The sister transductants compared were prepared to be as isogenic as possible. When the mouse virulence of the transductants tested in several experiments always followed the quality of the LPS the possibility that other genes, located between his and rfb, would actually be the determinants of the difference in virulence was minimized, although such a possibility is impossible to rule out completely.
It is therefore very strongly suggested that the qualitative difference between the two sorts of LPS (0-4,12 and 0-9,12) is decisive for their difference in virulence. The LPS of such transductants has been studied to find any qualitative and quantitative differences in the LPS (6). The only difference that was found was the presence of tyvelose in the 0-9,12 strain and abequose, instead of tyvelose, in the 0-4,12 transductants, which is the known difference responsible for the serological 9 and 4 specificities (3). So we have to accept this difference, however small chemically (two sorts of deoxyhexose), as a basis of the observed difference in virulence. It should be pointed out in this context that the difference in virulence is rather small; both the 0-4,12 and 0-9,12 derivatives are clearly mouse pathogenic. Altering the LPS in more profound ways (e.g., to rough or 0-6,7) causes much larger changes in virulence (11) .
We feel that an eventual demonstration of the host defense mechanism differentiating between strains with different sorts of LPS would be a more positive way to prove the role of the quality of LPS as a virulence determinant. Neither the in vitro phagocytosis test used before (4) nor the in vivo clearance test used in the present study could show differences between the 0-4,12 and the 0-9,12 strains, suggesting that phagocytosis is not the discriminating mechanism. However, even if the present test is probably more sensitive than the in vitro method, it still may be too insensitive in respect of the present pairs of strains. Better results should be obtained with strains having a larger difference in virulence, and we now have a seemingly satisfactory isogenic 0-6,7 and 04,12 pair for the purpose.
Johnsson et al. reported results different from ours (1). They used S. typhimurium hybrids expressing somatic antigen 9 after mating with either S. typhosa or S. enteritidis Hfr donors and found that they did not differ from the S. typhimurium parent in respect of the number of organisms required to produce death in mice inoculated intraperitoneally. However, the strains that they used were so virulent that it was impossible by these methods to obtain an accurate estimation of their LD50, and thus a small difference (of the order reported in this paper) would have remained unnoticed. There are other objections to their experiments too. The strains they compared were not nearly isogenic since they were produced by conjugation. Furthermore, the comparisons were not made between sister recombinants nor between On the other hand, T. K. Eisenstein, E. P. Ornelles, R. J. Roantree, and J. P. Steward (Bacteriol. Proc. 70:94, 1970) and P. B. Lyman, J. P. Steward, and R. J. Roantree (Abstr. Annu. Meet. Am. Soc. Microbiol. 1973, n 93, p. 81) have examined similar derivatives of S. enteritidis by measuring their ability to survive and grow in tissues of mice and reported more rapid growth of the 0-4,12 derivative, in agreement with our results.
On the basis of present knowledge, smooth LPS of the 4,12 type seems to be a very efficient virulence determinant in infection of mice. Several 0-4,12 Salmonellas are also efficient pathogens of man, but S. typhi (0-9,12) is even more virulent. In this case the capsule-like Vi substance ofS. typhi may be decisive. It seems also possible that man and mice may differ in their reactivity towards 0-4,12 or 0-9,12 type LPS. This could reflect small differences in the defence mechanisms of the hosts relevant to different host specificities of the bacteria.
